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Applicant : 

• i T-rniTTD CRYSTAL DISPLAY DEVICE 
[Title of the invention] LIQUID 

[Abstract] 

, xt is possibie to form an LDD structure without executing 
[Purpose] It is po sbAUi 

- _ lower a drain leakage current 
two times of ion implantation and to lower 

value. 

instruction, in a liquid crystal display device including at least 
a tbin film transistor (TFT) array substrate having: an insulatrng 
substrate: a pixel portion which includes polycrystalline silicon 
TFTS for switching formed on tbe substrate, and a driving clrcurt 

. ' * .aiacently to the pixel portion and includes 
portion which is formed adjacentxyr 

„ TFTs for driving the pixel portion, the 

polycrystalline srlicon TFTs for 

pelycrystalline silicon TFTs each have a gate electrode consrstrng 
o£ a two layer structure of an upper layer and a lower layer, an 

^ i ,vpr is wider than an area 
area of tbe gate electrode of the lower layer 

„„,.,„ and a charge concentration 
of the gate electrode of the upper layer, and 

of a polycrystalline silicon layer in a region 3 ust under tbe gate 
strode consisting of only the lower layer of the lower layer 

* aate electrode of the upper layer 
portion wider than the area of the gate ele 

^titration of a channel region and a source 
is an intermediate concentration or 
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or drain region. 
[Scope of Claim] 

(Cla*. 1, A liguia crystal aisplay device comprising at least a 
t hln film transistor (TFT) array substrate having: an insulate 
su hstrate ; a pixel portion which induces polycrystalllne silicon 
TFTS f or switching for-nea on the substrate: ana a ariving circuit 
portion which is f oonea aajacently to the pixel portion ana incluaes 
poly crystalline silicon TFTs for ariving the pixel portion. 

character!^ in that the polycrystalline silicon TFTs each 

■ .. ■„„ r.f a two layer structure of en 
have a gate electroae consrstrng of a two y 

cpper layer ana a lower layer, an area of tne gate electroae of 
t he lower layer is wiaer than the area of the gate electroae of 
the upper layer, ana a Cargo concentration of a polycrystalline 
sil icon layer in a region 3 ust unaer the gate electroae consisting 
o£ only the lower layer of the lower layer portion wiaer then an 
of the gate electroae of the upper layer is an intercalate 

* qource or drain region, 
concentration of a channel regxon and a source 

[Detailed Description of the Invention] 



[0001] 



Luuui j 

CPieia of the xnaustrlal Application, Tne present invention relates 
to a aisplay aevice . ana .ore particularly to a llguia crystal aisplay 
eevlce capable of lowering a arain leakage current value of a 
polycrystalline silicon thin film transistor (TFT) ana enhancing 
production efficiency. 



[0002] 

bas . lar g e a,vanta g e of oein g tfcin - li**-** an, consul 
le ss power consumption . it is pro g ressively usee for a ,isplay ,evice 

h « a licruid crystal television, a Japanese 
of OA equipment such as a liquid c y m 

, ^ Amnil tp r At the same time, 
^ ar*r\ a desktop personal computer. *^ 
word processor and a aesj^uy F 

Q evelop,.ent of tne li— crystal display device applyin, a TFT 
or a TFT array wnicn uses polycrystalline saloon in an active layer 
ls actively ,»a,e tor «- purpose of i.provin g aispiay 
characteristics . 

,.„.,, UP to now. tne TFT wnicn uses polycrystalline silicon in 
th e active layer inte g rates a switch element an, a TFT of a pixel 
portion as a display portion of tfce liquid crystal display device 
an, is applied to a drlvin, circuit of tne switch, element of 
t ne pixel portion . Tnat is . it is applied to a TFT of a pixel portion 
for applyin* volta 9 e to li g uid crystal in a pixel an, a TFT of a 
arlvin, circuit portion for driving tne TFT of tne pixel portion. 
,0004, Development of tne present lisuid crystal display device 
is in tne direction in wnicn tne nunber of pixels is increase, oy 

* ^ nixels are operated at high speed, 
making the pixel minute and the pixels are 

Btth the direction of development. the 
In correspondence with tne 

•m have the following 

above-mentioned TFT is required to have 

characteristics . 

~ H aate wiring for eliminating a gate delay. 
1 ) lowering resistance of a gate wiring 
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= ri^ain leakage current of the TFT. 
2) reducing a drain xeeu^ay 

I00 0„ As to X) » a technic is Know, in which a-etai X- or siXiciae 
Xs usea. for esas-pXe. I. this technigue. generaXXy. in oraer to 
Mtdl a wot. action Wit, the active Xayer. a two Xayer statute 
ls atuaiea in which poXycrystaXXine siiioon aaaea wit. eXectrXcaX 
topu rXty is usea as the Xower Xayer ana the above-sentXonea netaX 
lln e or siXiciae is foo,ea as the upper Xayer to thereby proviae 

«, th this structure, a signai aeXay one to the gate 
Xow resistance . With this sirui. 

wiring is reaucea. 

As to a,, xowering of the arain XeaXage current is reguXrea 
£or the TFT of the Pixex in particuiar. This is hecause the arain 
XeaKage current is causea on the OFF siae or the transistor operation 
a„a thus the nor»aX switching function of 0-/OFF is not suf f icientxy 
pro viaea. anawhen the ahove TFT is usea in the Xiguia crystaX aXspXay 
d evice. an eXectrXc signaX of the pixeX cannot he hexa ana thus 
t he contrast is aegraaea to particuiarXy affect the X»age guaXXty 
ofthexxguiacrystaxaxspxayaevice. 

current Xs that since eXectrXc f ieias concentrate hetween the gate 

^ A * defect due to a dangling 
ana the arain of the TFT. when there is a aefect 

« ± „<= . siXicon bona in the active 
bona in particuiar. among aefects of a siXicon 

Xayer poXycrystaXXine SiXicon . an abnormaX Xeafcage current Xs causea 
in a arain 3 oint portion . The reason that the ahnor.-aX XeaKage current 
is causea in the arain ,oint portion is as foXXows. GeneraXXy. the 
source or arain giants Xon necessary for the 5 oXnt Xayer with 
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tne gate as a -sK by an ion i^pXantation apparatus ana for** the 
structure In a seXf -aXigning manner. Therefore, a charge 
Attribution abruptiy rises fro. the g ate ena. Since a aistribution 
of the eiectric fiexa is proportionax to the charge 
the eiectric fiexa abruptly rises in the vicinity of the arain. 
Due to this eiectric fiexa. a tunnei current fXows in th. channeX 
ana tne arain Joint portion ana is observea as tne aonornaX XeaKage 
current . 

nf preventing an occurrence of the abnormal leakage 
[ 0007 ] As a method of prevenxmy a. 

lloHTnD( -Mqht doped, drain ) is known . This 
current, a technique called LDD (lignt a p 

LDD technigue is one in which arain Joint is structurea by graauaXXy 
changing tne charge aistribution in tne vicinity or tne arain portion . 
Since tne charge aistribution g raauaXXy cnan.es. a Joint eXectrrc 
f i6 xa in tne joint portion graauaXXy changes ana tne aonomaX XeaKage 
current aoes not fXow. Therefore. Xiguia crystaX aispiay aevices 
using tne poXycrystaXXine siXicon TPT *anuf acturea by en.pXoying 
tne LDD technigue are wiaeiy usea for a Xiguia crystaX teXevision. 
OA equipment and the like. 
[0008] 

[Pr obXe,»s to be soXvea by tne invention, However, since tnis LDD 
tecnnigue graauaXXy cnanges tne cbarge aistribution or tne Joint 
portion. thereisaprobie m inthatgeneralXy. aprocess or Ranting 
ion must be aiviaea into two processes, tbat is. is,piantation of 
tne LDD portion at tne Xow concentration ana inpiantation of tne 
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source or drain portion at the high concentration. 
I0 ,.« Further, while plantation on the low concentration sice 
is g enerally performed with a g ate mas*, plantation on the high 
concentration sloe nee,, to he perron, hy shifting from a region 
Ja stunderthegate. Accordingly. somemasKisneeessarllyreguired. 

b „t the manufacturing process heco.es inevitahly complicated. 
r esulting in a prohlem in that the manufacturing yield is degraded. 
,00X0, The present invention has heen made in view or solving the 
ahove prohlems. Therefore, an oh 3 ect or the present invention is 
to provide a liguid crystal display device capahle or forming an 

■ «,„ut executing two times of icn implantation and 
LDD structure without executing 

capable of lowering a drain leakage current. 



[0011] 



[M eans for solving the Prohlem, According to the present Invention, 
a liguid crystal display device comprising at least a thin film 
transistor (TFT) array suhstrate having, an Insulating suhstrate; 
a pixel portion which includes polycrystalline silicon TFTs for 
s„ltchlng formed on the suhstrate: and a driving circuit portion 
Mh ich is formed ad 3 acently to the pixel portion and includes 
polycrystalline silicon TFTs for drlvin. the pixel portion, is 
Characterized in that the polycrystalline silicon TrTs each have 
a g ate electrode consisting of a two layer structure of an upper 
la yer and a lower layer, an area of the gate electrode of the lower 
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iayer is wider than an area of the gate electrode of toe upper layer, 
an, a Cargo concentration of a polycrystalllne silicon layer In 
a re glo„ Just under the gate electrode consisting of only the lower 
iayer of the lower layer portion wider than the area of the gate 
eiectrode of tne upper layer is an intermediate concentration of 
a channel region and a source or drain region. 

[00121 The gate electrode of the polycrystalllne silicon TFT 
accordingtothepresentinventionconsistsofthetwolayerstructure 

of the upper layer and the lower layer. Preferahly . the upper layer 
is composed of a material whose electric resistance value is lower 

!™r- This is because in the case of the 
than that of the lower layer. Thxs is 

« layer structure, the electric resistance value is determined 
by a layer whose electric resistance is low. and thus it is possible 
to ohtain the low resistance gate electrode hy providing a layer 

..„_.. .1 such as a metal compound 

comprised of a low resistance material such 

of silicon as the upper layer. Moreover, the upper layer also 
f unctions to hold chemical resistance or heat resistance. 
[00131 Further, the lower layer may have the thlOcness such that 
in the case of ion implantation for forming the source or dram, 
the charge concentration of the polycrystalllne silicon layer has 
a concentration gradient and is the intermediate concentration of 
the channel region and the source or drain region. The other factor 
f or ohtainlng the concentration gradient of the charge concentration 
of the polycrystalllne silicon layer is a difference hetween the 
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pension of the upper layer -P. ana the dimension of the - 
la yer shape. In the present Invents. It is preferahle that the 
low er layer has a promoting portion in which the lower layer is 
proj ected hy severai im from the pension of the upper layer shape. 
It is possihie to make the charge distention in the vicinity of 
the drain gentle h y ion implantation with using the ahove-mentioned 
gate electrode structure as a mask. 

l00141 The Xiguid crystal display device or the present invention 
is manufactured as foXXows. No alkali g Xass. guarts. or the like 
eanheusedforaninsulatingsuhstratematerial. On this suhstrate . 
thepoXycrystaXXinesiXiconfiXmisformedhyaknownmethod. NameXy. 

an amorphous siiioon Xayer is deposited first on the suhstrate using 
a reduced pressure CVP or pXasma CVP apparatus, and suhjected to 
he at treatment at a temperature of ahout 6 00*C to provide the 

. l1rnn laver . Thereafter, through a 

polycrystalline silicon layer. 

pho toIlthographyprocessa„danetchingprocess.thepoIycrystaIIine 
silicon xayer is processed into a desired shape, after the surface 
Of the poxycrystaxxine siiicon Xayer is thermaXXy oxidised to form 
a gate oxide f iXm. a gate wirin g consists of a douhle f iim structure 

It is pref erahXe that the douhXe f iXm structure 
is formed thereon . It is prererao 

is formed hy usin g an etohin g method in which the etchin g speed 

F or example, it is preferahie to employ HIE (reactive ion etching 
usin 9 sr.. CI,or the like as a processing gas. Thereafter, the 
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sou rce or arain region is for^ea in a self-aligning — with 
using this gate electee as a „asK. A first integer insulating 
f llm is f ornea on the surface ana a part of tha f 10- is opanaa as 
a oontaot hoia. Than, tha m etal wiring contaots aach tannine! of 
the TFT in the hole- 

[0 01»1 m oraer to complete tha llguia crystal alsplay aevica. a 
secona interlayer insulating Ills, is further for™ea ana a contact 
hol e is for.ea. A transparent electrode is fonnea therethrogh as 
a piX el alectroaa. This suhstrata is callaa a TFT array suhstrate. 
.hereafter, this TFT array suhstrata is etched with an opposing 
suhstrate ana a liguia crystal is injected into tha g ap portion 
to tharahy compose a liguia crystal call. Than, an outar asse^hly 
i. forced to ohtain tha liguia crystal aisplay aavica of tha prasant 

invention. 
[0016] 

(0 paration, Tha g ata wirin g or tha polycrystallina silicon TFT 
accoraing to tha liguia crystal aisplay aavica of tha prasant 
mention is a two layer structure having a low resistance wlrin g 
on the upper portion. Since the ena portion or the g ata wirin g is 
step-llKe. it is possiole to aa.ee the char g e aistrihution in tha 
vi clnlty or the arain g entle hy ion plantation in a selr-alignlng 

• the drain is made gentle, it is 

distribution in the vicinity of the drain 

4- pi ect ric fields from concentrating. As a 
possible to prevent the electric 
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result, the drain leaKage current is reduced. 

metal wiring of the upper portion of the gate 
[0017] Moreover, the metaJ. wux a 

w iring enables a low resistance gate wiring. 



[0018] 

. * *v,» „r.sent invention is described 
[Embodiment] An embodiment of the present 

w itb reference to Figs. 1 to 4. Fig. 1 - • ~*«- "~ * 

thls embodiment. Polycrystalline silicon is formed on a guart* 
snbstrate X to bave a tbicKness of iOOO an g strom as an active layer 
2 „f tbe TFT . « to tbis polycrystailine silicon active layer 2. 
disilane gas is used as a materia! gas. amorpbons silicon is formed 
by reduced pressure CVD. and beat treatment is subjected tbereto. 
to tbereby form tbe polycrystalline silicon. Tbereafter. tbrou g b 
. photolithography process and an etching process. tbe 
polycrystalline silicon is processed into a predetermined sbape. 
co „l„ Hext. tbe surface of tbe polycrystalline silicon layer 3 
is tbermally oxidised to form a gate oxide film 3 baving a tbicKness 

-Film 3 a gate wiring having 
on the qate oxide fiim J f a y° 
of 700 angstrom, un xne y^L 

a double film structure is formed by tbe following metbod. First, 
on a lower layer film 4 in contact wltb tbe gate oxide film 3. 
polycrystalline silicon containing 1 x lo"/cm> of Pbospborus <P, 
as electrical impurity is formed to bave a tbicKness of 1500 angstrom, 
^n. as an upper layer film 5. tungsten sillcide <WSi, is formed 
hereon to bave a tbicKness of 2500 angstrom. Next, by an « 
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(r6 active ion etching apparatus usin g SP S or «, as an etchin g g as. 
« is possible to obtain t h e g ate wirin g forced such that the lower 
Xayer fix™ 4 is lar g eiy projected by i to 2 i* fro the upper layer 
«U- S. oy usin 9 a difference of etchP rate between tbe upper 

„ T-esistance of the lower layer 

layer ana the lower layer. A sheet resistance 

o£ this 9 ate wirP is about 30 U an, the sheet resistance of 
t he upper layer is about S U because the upper layer is comprised 
of a „etal compound of silicon, According, since the resistance 
of the double structure wirin g is determined by the low resistance. 

the 9 ate wlrin g of this enbodi^ent beccnes a low resistance g ate 

electrode . 

,00,0, With usP this 9 ate wirP as a s,asK. ion plantation for 
for.pasourceordrainisperfo^ed. Phosphorous ,P, is Planted 
by an ion plantation apparatus such that a char g e concentration 
of a portion of 7a shown in Pi g . X is O to 100, * l."/<* as an 
e^ount of Plantation Initially deterged. Then, acceleration 
ene rg y of the ion plantation apparatus is adjusted such that the 

„ of 7b just under a projectp 

oharoe concentration of a portion of 7D } 

portion 6 is about 1 * 10»/->. - • " " 

in the portion 7a where there is no g ate. ion plantation of the 
conventional concentration is executed and the source or drain is 
forced, m a portion 7c where the 3 ate has a double structure, ion 
ia not Planted, and in the portion of 7b just under the projectP 
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th e TFT having an electrical purity distribution can be obtained. 
,.021, m the TFT of this emboaiment. since a portion where the 
g ete electrode has a double structure is completely masKea. the 
electrical impurity is not implanted. For this reason, the char g e 
attribution in the vicinity of the source or drain of the TFT passes 

thr ough an intermediate state once without rising abruptly from 

almost 0 . 

>. „„.io 2 a first interlayer insulating 
(00221 Thereafter, as shown in Fig. 2. an 

fi lm S is formed and a part of the film is opened as a contact hole. 
Then. ametalwlrlng9 (aluminum (Al» ismade tocontact each terminal 
of th e TFT in the hole. Further, a second interlayer insulating 
fi lm 10 is formed and a contact hole is formed. A transparent 
electrode 11 is formed therethrough as an electrode of a pixel. 
TMS substrate is called a TFT array substrate 12. This substrate 
12 is matched with an opposing substrate 13. and a liguid crystal 
14 is injected into the gap portion to thereby compose a liguid 
crystal cell. Then, an outer assembly 15 Is formed to complete the 
liquid crystal display device shown in Fig. 3. 

4.,™ tft o£ the liguid crystal display 
[0023] Characteristics of ann-typeTFTof the lig 

aevlce thus obtained are shown in Fig. 4. Fig. .(a, shows 
Oeracteristlcs of the n-type TFT in accordance with this embodiment 
a „d Fig. 4(b, shows characteristics of a conventional example which 
aoes not have an LDD structure. A characteristic of a region whose 
ga te voltage is negative is particularly characteristic among them. 
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In the conventionai e*ampie of Fig. *(«■ « «- — ^ 

voltag e is native, a drain current g reatiy ieaps up to serve as 

, extremeiy iar.e vaiue. On the — ■ ^ 

of Fi g . «.,. even if the g ate voita.e changes, the drain currant 

[0M 4, * f-st affact of this embodiment is that the number of 

be reduced in comparison with a 
manufacturing processes can be 

conventions manufacturing process, -at is. by etching adapts 
the differenceinanetc h in g rateonca.astep-ii,epro 3 ectin g portion 

oan be formed in toe end portion of toe g ate eiectroda. Then, by 
performing ion impiantation usin g this g ate eiectrode as a mas, 
on ce. the LDD structure can be provided. Conventional, ion 
^iantationwasparformedtwicainordertoootaintne^structure. 

I00251 * second effect of this embodiment is tbat exceiient 
characteristics of the TFT necessary for the iiguid crystai dispiay 
fl evice can be obtained even in the L OP structure manufactured by 
ion impiantation of one time. That is . a drain ieaKage current has 
aimost the vaiue OV of the g ate voitage but can be made smaii. 
,„,„, * third effect of this embodiment is a g ate deiay is prevented 

_ A wiring and the low 

by taking the double structure of the gate wxrx 

resistance wire. 

,0027, -cording to the above effects, since,. ieafcage current of 
the TFT is smaii even if a lar g e number of pixais of 1 miiiion ciass 
«. operated at hi g h speed on a iarge-sised substrate, an image 
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. i Aisoiav device is not affected, 
quality of the liquid crystal dxsplay 



[0028] 

,■ i rn the liquid crystal display device 
[Effects of the Invention] In the lxqu 

• ■ a the TFT array substrate of the present invention , 
at least comprising the TFT array 

t.lline TFT has the gate electrode consisting of the 
the polycrystallme TFT nas 

* tha charge concentration of the 
two layer structure, and the charg 

• rt. T-paion iust under the gate 
polycrystallme silicon layer rn the region 3 

electee Is the Interstate concentration of the channel regron 
ana t he scarce or arain region. — e. It Is possihle to ohtain 
t he crystal aisplay aevlce censing the TPT array sohstrate 

h avlng a low resistance gate electrooe. In - - .rain leakage 
onrrentlslow. thrown a simple manufacturing process, .ccor.ln.ly 
itis pos S l b letoennanceproauctlone £ tlclencyo f t h eli g ulccrystal 

olsplay aevlce. Purthe, since the ncher of pixels Is Increase 
^ the pl-s can he operatea at high speea. the U— crystal 
olsplay aevlce or high i.age quality can he ootalnea. 
[Brief Description of the Drawings 1 

^ a TFT used in a liquid 
tFi g. 1] A sectional view of a gate portion of a TFT 

crystal display device of this embodiment. 

- 4->>o TFT used in the liquid crystal 
[Fig. 2] A sectional view of the TFT us 

display device of this embodiment, 
embodiment • 

4- ■ ~o r,-F TFT used in the liquid 
[Fig. 4] A view showing characteristics of the TFT 
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crystal display device of this embodiment. 
[Description of Reference Numerals] 

1 quartz substrate, 2 active layer, 3 gate oxide film, 
4 lower layer film, 5 upper layer film, 6 projecting portion 
7a portion with no gate , 7b portion just under projecting portion , 
7c portion where a gate has a double structure. 8 first interlayer 
insulating film. 9 metal wiring. 10 second interlayer insulating 
film. 11 transparent electrode. 12 TFT array substrate. 13 
opposing substrate. 14 liquid crystal, 15 outer assembly 
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